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Tension in cord is equal to p = 62.5 N, from FBD of pulley. 

W = (10 kg)(9.81 m/s 2 ) = 98.1 N 
\ ZF y = 0: N - (98.1 N)cos20° + (62.5 N)sinl5° = 0 

N = 76.008 N 

F max = Ms N = (0.30)(76.008 N) = 22.802 N 

For equilibrium :/ 'LF X = 0: (62.5 N)cosl5° - (98.1 N)sin20° - F = 0 

F eq = 26.818 N > F max so no equilibrium, 

and block slides up the incline 4 

Clip = Mx N = (0.25)(76.008 N) = 19.00 N 

F = 19.00 N 7^ 20° ◄ 
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FBD top block: 


<-) I /•?£ 2 A/ 

r~f~ 


HT 




•+■ r 


FBD bottom block: 


/$£ r t At 
7 MjfW 




I EF y = 0: /V, - 196.2 N = 0 

N t = 196.2 N | 

(a) With cable in place, impending motion of bottom block requires 
impending slip between blocks, so F x = ju s N x = 0.4(196.2 N) 

¥ x = 78.48 N — 

t EF V , = 0: N 2 - 196.2 N - 294.3 N = 0 

N 2 = 490.5 N | 

F 2 = ju s N 2 = 0.4(490.5 N) = 196.2 N 


'£t 


EF = 0: 


-F + 78.48N +196.2 N = 0 


kf, 

FBD block: 


P = 275 N 





I 

1 


1 

' 

p 

_ 

1 



Aj 


(b) Without cable AB, top and bottom blocks will move together 
tEF^, = 0: N - 490.5 N = 0, N = 490.5 N 
Impending slip: F = /j s N = 0.40(490.5 N) = 196.2 N 

EF X = 0: -P + 196.2 N = 0 

P = 196.2 N- 
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FBD top block: 


x 

x 



Note that, since </> s = tan 1 jli s = tan ^(MO) = 21.8° > 15°, no motion 
will impend if P - 0, with or without cable AB. 

(a) With cable, impending motion of bottom block requires impending 
slip between blocks, so F x = ju s N 

t I/y = 0: N x - IFjCoslS 0 = 0, 


N { =^cosl5° = 189.515 N 


FBD bottom block: 

/T9 sys~Af 



FBD block: 


Vi/, 


rb 


F x = jU s N x = (0A0)W x cos 15° = 0.38637^ 

Fj = 75.806 N *— 

— I F x , =0: T - F x - W x sin 15° = 0 

T = 75.806 N + 50.780 N = 126.586 N 

W 2 = (30 kg)(9.81 m/s 2 ) = 294.3 N 
| ZF y = 0 : N 2 - (189.515 N)cos (15°) - 294.3 N 

+(75.806 N)sinl5° = 0 

N 2 = 457.74 N | 

F 2 = f s N 2 = (0.40)(457.74 N) = 183.096 N 

— I F x = 0: -P + (189.515 N) + (75.806 N)cosl5° 

+126.586 N + 183.096 N = 0 

P = 361 N -—A 

(b) Without cable, blocks remain together 

| XF y = 0: N — W x — W 2 = 0 N = 196.2 N + 294.3 N 

= 490.5 N 

F = f s N = (0.40)(490.5 N) = 196.2 N 

— EF=0: -P + 196.2 N = 0 P = 196.2 N —◄ 
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FBD A: 


~ X 


? N 


A 

^F 

X, 


FBDB: 


/T 






F z 

A. ^ 


y — 7t 


N 

'v ^ 


Note that slip must impend at both surfaces simultaneously. 
|lF y = 0: Nj + Tsin#-161b = 0 


N, = 16 lb - r sin 6* 


Impending slip: Fy = fi s N x = (0.20)(l6 lb - T sin#) 

F y = 3.2 lb - (0.2)rsin<9 
—► SF X =0: F l - T cos 0 = 0 

f I F y = 0: N 2 - Ny- 24 lb = 0, N 2 = Ny + 24 lb 

= 30 lb - T sin # 

Impending slip: F 2 = jU s ^2 = (0.20)(30 lb - T sin#) 

7“ = 6 lb - O^Tsin# 


I F x = 0: 10 lb - Fy - F 2 = 0 


( 1 ) 

( 2 ) 


10 lb = Ms {Ny + N 2 ) = (0.2)[A 1 + (Ny + 24 lb)] 
10 lb = 0.4 N, + 4.8 lb, Ny = 13 lb 


Then Fy = ju s Ny = (0.2)(l3 lb) = 2.6 lb 
Then (l): rsin# = 3.01b 

(2): T cos# = 2.6 lb 

3 3 

Dividing tan# =-, 6 = tan -1 -= 49.1° 

2.6 2.6 


<9 = 49.1° ◄ 
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FBD Cylinder: 



For maximum M, motion impends at both A and B 

f a = Ma n .A f b = Mb n b 

— 'LF X = 0: N a -F b = 0 N a =F b = Mb N b 

f a = Ma n a = MaMb n b 

\ ^ F y = 0: N b +F a -W = 0 N b {\ + h aMb ) = W 

or N b = --- W 

1 + FaFb 

and F b = / i b N b = —— - W 

1 + MaMb 


F a = MaMbNb = MaMb W 


(a) For 

0 b ) For 


1 + MaMb 

(EM C = 0: M-r(F A + F B ) = 0 M = Wr/A B - 
ju A = 0 and ju B = 0.36 


1 + Fa 

+ MaMb 


M = 0.360 Wr ◄ 


= 0.30 and /u B = 0.36 


M = ().422Wr < 
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FBD ladder: 



V 


Note: slope of ladder = — — = —, so AC = (4.5 m)— = 4.87 
1.875 m 5 v ’\2 

T £. C “ 77 ; 4.875 m 3 T 7777 1 T 

L = 6.5 m, so AC = -= —L, AD = —L 

6.5 m 4 2 


and DC = BD = -L 
4 

For impending slip: F A = jU s N a , F c = ju s N c 


f 19 A 

Also 0 = tan -1 -15° = 52.380° 


/ = 0: F a -W sinl5° + F c cos6 - N c sin6> = 0 

F a = tFsinl5° -« —!Fcos6» + —!Fsin6> 

A r~s 39 39 

= (0.46192 -0.15652//,) W 

| "LF y = 0: N a -W cosl5° + F c sin# + N c cos6> = 0 

N A = tFcosl5°- a,—Wsm6~— WcosG 

a r- s 39 39 

= (0.80941- 0.20310//,) W 

But F A = juN a : 0.46192 - 0.15652 ju s = 0.80941// s - 0.20310// s 2 

// s 2 - 4.7559//, + 2.2743 
ju s = 0.539, 4.2166 


Ms min = 0-5: 
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FBD rod: 




1 % / 

1 & Jb. 

| / ' \f ^ 

1 '/ 

1 _ jm:* 




(a) Geometry: BE = ycos# DE = ^cos#Jtan/? 

771771 t ' a T ^ J 7 L cos0 

EF - L sm 6/ Dr =- 

2 tan^ 5 

o 1 ^ ^ Z cos 6^ 

So Z —cos^tan B + sin^ =- 

V2 J 2 tan^ 

or tan /? + 2 tan <9 = —-— = — = —*— = 2.5 

tan^ 5 n s °- 4 


Z sin 0 + L sin p = Z 
sin 0 + sin p -\ 






Solving Eqs. (1) and (2) numerically 6\ = 4.62° fi x = 66.85 c 


Therefore, 


(b) Now 


0 2 = 48.20° = 14.75° 

6 = 4.62° and 6 = 48.2° ◄ 


i s = tan -1 //, = tan -1 0.4 = 21.801' 


sin ^ sin (90 + ft - <j>^ 


T = W 


sin (90 + p - (j> s 


9 = 4.62° T = 0.526IT ◄ 


6> = 48.2° T = 031 AW ◄ 
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FBD: 



Assume the weight of the slender rod is negligible compared to P. 

First consider impending slip upward at B. The friction forces will be 
directed as shown and F B C = JU S N B C 


I.M b = 0: (L sin 0)P 


ZF X = 0 : 




Vsin^ 


N r =0 


N r 


P— sin 2 # 
a 


N c sin 6 + F c cos 0 - N B = 0 


7V c (sin<9 + ju s cos#) = N B 


so N b = P— sin 2 6 / (sin6 > + //^cos^) 


| Y,F y = 0: -P + N c cos^ - F c sin0 - F B = 0 


P = N c cos6 - ju s N c s\nO - ju s N b 

so P - P— sin 2 0(cos0 - ju s smQ\ - ju s P— sin 2 <9(sin# + ju s cos^) (1) 
a a 

Using 6 = 35° and // 5 = 0.20, solve for — = 13.63. 

a 

To consider impending slip downward at B , the friction forces will be 
reversed. This can be accomplished by substituting ju s = -0.20 in 

equation (1). Then solve for — = 3.46. 

a 

Thus, equilibrium is maintained for 3.46 < — < 13.63 A 

a 
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FBD table + child: 



W T = 16 kg (9.81 m/s 2 ) = 156.96 N 
(a) Impending tipping about E , N F = F f = 0, and 

Q Y.M e =0: (0.05m)(l76.58N)-(0.4m)(l56.96N) + (0.5m)Pcos<9-(0.7m)/ 5 sin6> = 0 
33cos 6 - 46.2sin# = 53.955 

Solving numerically 6 = -36.3° and 6 = -72.6° 

Therefore -72.6° < 6 < -36.3° ◄ 

Impending tipping about F is not possible 

(Z?) For impending slip: F^ = = §2N F F f = = 0.2 N F 

—> = 0: F e + F f - P cos# = 0 or 0.2(/V £ + N F ) = (66 N)cos# 

| lF y = 0: N e + N F — 176.58N — 156.96N — /"sin# = 0 

N e + N F = (66 sin# + 333.54) N 
So 330cos# = 66sin# + 333.54 

Solving numerically, 6 - -3.66° and 9 =-18.96° 

Therefore, -18.96° <6 < -3.66° ◄ 
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Geometry of four-bar: 





Considering the geometry when a = 0, 


Lcd ~ 


(60 mm - 52 mm) 2 + (36 mm + 22 mm) 2 


—il / 2 


= 58.549 mm 


In general, 52 mm - (36 mm) sin or = 60 mm - (58.549 mm) sin f3 
^36sinar + 8 


so (3 = sin 


-l 


58.549 


(< a ) FBD ACE: a - 0 (3 = 7.8533°, note that the links at E and K are prevented from pivoting 

downward by the small blocks 


■Hf- 


/fi** 


I?* - *** 


l 


| IF y = 0: F cd sin p - F E = 0, F ( 


CD 


a 




sin7.8533 c 


^M a = 0: (60 mm) 


sin7.8533 c 


cos7.8533° - (32 mm)F £ - (212 = 0 






” F 

Impending slip on pad N E = —-, so 


D 

A 




212 ^ 

435.00 - 32- 

Ms j 


F e = o 


M s = 0.526 ◄ 


( b) a = 30°, p = 26.364° 



I F r = 0: 




F ab + F cd cos 26.364° - N E = 0 


| I F y = 0: ~\f ab + F cd sin 26.364° - F E = 0 

Eliminating F AB , F CD (0.89599 - 0.76916) - N E + F E = 0 
Impending slip F E = M-<N E , so 0.126834F £ = (l - // v ) N E 
(^'LM A = 0: (60 mm)f Cfl cos26.364° 

-(212 nimjiVj - (32 mm)// s Af £ = 0 
53J59F cd =(212-32m s )N e = 0 
212 - 32 m s 53.759 


1 - Ms 


0.12634 


Ms = 0.277 ◄ 
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FBD Plate: 



Assume reactions as shown, at ends of sleeves, 
For impending slip F A = ju s N a , F B = ju s N b 


T~- 


— = 0: • Psin6 ' - Ms N a - I u s N b = 0 

N a + N b = 2.5 P sin6> 

| I F y = 0: N a -N b - Pcosd = 0, N A -N B = Pcosd 



4sin# - 7.8cos# = 0, 6 - 62.9° 

For 6 > 62.9°, the panel will be self locking, .‘.motion for 6 < 62.9°. 
As 9 decreases, N B will reverse direction at 2.5sin# - cos 0 = 0, 
(see equ. 1) or at 9 - 21.8°. So for 9 < 21.8° 

— ZF X = 0 : PsinP - ju s (N a + N B ) = 0 


N a + N b = 2.5 Psin6> 


t I F y = 0: N a + N b - Pcosd = 0, N A + N B = Pcosd 


2.5sin 9 = cos#, # = 21.8° 


So impending motion for 21.8° < # < 62.9° M 
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FBD Plate: 



Assuming reactions as shown, at ends of sleeves, 
For impending slip F A = f.i s N A , F B = ju s F b 

— I F x = 0: Psind -<u s (N a + N b ) = 0 


N a + N b = 2.5Psin<9 


Solving: 


N a -N b - P cos# = 0, 


N a -N b 


P COS# 


( 1 ) 

( 2 ) 


N a = y(2.5sin# + cos#), N B = y(2.5sin# - cos#) 


Note that, for 9 < 21.8°, N B becomes negative, so we must change equ. 2 to 
N a +N b =P cos#, (2') 

but equ. (1) does not change. Solving (1) and (2') gives P cos# = 2.5,Psin#, 
or 9 - 21.8°, so the lower limit for impending slip is # = 21.8°. 

For # > 21.8°, the forces are as shown, and 

= 0: (23.5 in.^sin# + xPcos9 + (l in.)^ - (16 in.) N A = 0 

(23.5 in.),Psin# + xPcos9 + [0.4(l in.) - (16 in.)]y(2.5 sin# + cos 9) = 0 

or 4sin# - [(7.8 in.) - xlcos# = 0, tan# = 1.950 -— 

LV J J 4 in. 

(a) For v = 4 in., tan# = 1.950, # = 43.5°. For # > 43.5° self locking 

impending motion for 21.8° < # < 43.5° 4 

( b ) As v increases from 4 in., the upper bound for # decreases, becoming 
21.8°(tan# = 0.4000) when x = (4 in.)(l.950 - 0.400) = 6.2 in. 


Thus x ma 

at which # must equal 21.8°. 


6.20 in. ◄ 
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FBD Collar: 

Impending motion down: 





Impending motion up: 





Stretch of spring x = AB - a = 


cos# 


- a 


F=kx = k 


cos# 


- a = (1.5 kN/m)(0.5 m) 


cos# 


-1 


= (0.75 kN) 


1 


cos# 


-1 


— IF X = 0: N-F s cos# = 0 

N = F s cos# = (0.75 kN)(l - cos#) 
Impending slip: F = jU s N = (0.4)(0.75 kN)(l - cos<9) 

= (0.3 kN)(l - cos#) 


+ down, - up 

| IF y =0: F s sin6» ± F - W = 0 

(0.75 kN)(tan<9 - sin6») ± (0.3 kN)(l - cos6») - W = 0 
or W = (0.3 kN)[2.5(tan 6* - sin 9) ± (l - cos 9)] 

with 0 = 30°: W up = 0.01782 kN (OK) 

^down = 0.0982 kN (OK) 


Equilibrium if 17.82 N < W < 98.2 N 4 
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FBD Collar: 


ht 


f< 

---- 

4 - 



M 




/ 


FBD AB: 


Note: BC is a two-force member, and for M max , slip will impend to the 
right. 

| YF y = 0: F bc cos 9 - N = 0, N = F BC cos 6 

Impending slip: F = ju s N = ju s F bc cos# 

— = 0: F 5C sin# -F-P = 0 

F 5C (sin 0 cos 0) = P 


7 a 

> 

A'x* 

r 

II 

o 

M ~(2l)F AB cos0 = O 

5 

r 

Ay 1 

M = 2lcos0 -—- 

sin # - ju s cos # 


M n 


2 PI 


tan 6 - ju s 


For ju s = tan #, 
For fu s > tan#, 







self locking 


◄ 
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Chapter 8, Solution 37, 


Geometry: 


L L_L 

6 = cos -1 ^1-2. = 60 ° 

2 


For min — slip will impend to right and reactions will be at 
L 

(j) s - tan -1 ju s = tan -1 (0.35) = 19.2900° from normal. 

Note: AB is a three-force member 


CD = atan(60 + (f> s ) = (Z - a)tan(60° - (/> s ) 
a tan(79.29°) = (L - a)tan(40.71°) 

6.1449 = —-1 
a 

- = 0.13996 
L 

min — = 0.1400 ◄ 
L 
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Chapter 8, Solution 38. 
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Chapter 8, Solution 39. 


FBD AB: 


\ M/i ~ 12 Ib'Pt' 


fY m H v 


( V ZM a = 0: Vsin 2 + 4 in 2 (N) - M A = 0 


Impending motion: 


(12 lb-ft) (12 in./ft) 

N = - -^= 16.100 lb 

8.9443 in. 

F = jU s N = 0.3(16.100 lb) = 4.831b 


Note: For max Me, need F in direction shown; see FBD BC. 

FBD BC + collar: 



-V//)-5k— /S t* 


Q EM C = 0: M c — (17 in.)-^=W ~ ( 8 m )~^ N ~ ( 13 in -)^r F = 0 

M c = ^=p(l6.100 lb) + ^=C(16.100 lb) + ^=^(4.830 lb) = 293.77 lb in. 


( M c)„„=2431b.ft> 
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Chapter 8, Solution 40. 


FBD yoke: 



1 — IF = 0: P-N = 0, 


For impending slip, 


N = P = 8 lb 


F = ju s N = 125(8 lb) 


F = 2 lb 


For M max , F on yoke is down as shown 


FBD wheel and slider: 


For M min , F on yoke is up. 



( a ) For M max the 2 lb force is up as shown. 


CSM S =0: M b - [(3 in. )sin65°](8 lb) - [(3 in.)cos65°](2 lb) = 0 


M Smax = 24 -3 lb ' in - < 


(b) For M min the 2 lb force is reversed, and 


Ql M b =0: M b - [(3in.)sin65°](8 lb) + [(3 in.)cos65°](2 lb) = 0 


M Smin = 19.22 lb-in. 
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Chapter 8, Solution 41. 


FBD Rod: 


. iz lb 



... ,z * ,n L. 

{zM a = 0: (20 in.) Ny - (12.5 in.)(l2 lb) = 0 

It* 



J 


"* n ~-i 

1 

/V, = 7.5 lb. 

FBD Cylinder: 





7,6“ lb 

| YF y = 0: N 2 - 7.5 lb - 36 lb = 0, N 2 = 43.5 lb 


c ■ 


since ju x = ju 2 and /V] < 7V 2 , slip will impend at top of cylinder first, so 

/ 


hbib \ 

=£ 

ii 

, * ( 

j 

\ c ] 

Fj =0.35(7.5 lb) = 2.625 lb 

2. io \ 


/ r> 

1 \ 

yin* 


1 1 r 

D 

^IM d = 0: (4.25 in.)P - (12.5 in.)(2.625 lb) = 0, P = 7.7206 lb 

P max =7.721b4 



L 




To check slip analysis above, j 'LF V = 0: N 2 - 36 lb - 7.5 lb = 0 




N 2 = 43.5 lb 




F 2 max = = 0.35(43.5 lb) = 15.225 lb 




—~I,F x =0: P-F l -F 2 = 0, 7.72 lb - 2.625 lb - F 2 = 0 




C = 5.095 lb < F max , OK 
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Chapter 8, Solution 42. 
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Chapter 8, Solution 43. 
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Chapter 8, Solution 44. 
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Chapter 8, Solution 45. 
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Chapter 8, Solution 46. 

(j) s = tan -1 ju s = tan -1 (0.4) = 21.801°, slip impends at wedge/block wedge/wedge and block/incline 

FBD Block: 



FBD Wedge: 
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Chapter 8, Solution 47. 

(/) s - tan -1 ju s = tan -1 (0.40) = 21.801°, and slip impends at wedge/lower block, wedge/wedge, and upper 
block/incline interfaces. 

FBD Upper block and wedge: 



FBD Lower wedge: 
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Chapter 8, Solution 48. 
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Chapter 8, Solution 49. 
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Chapter 8, Solution 50. 


For steel/steel contact, ^ = tan 1 // = tan 1 (0.3) = 16.6992° 

For steel/concrete interface, <f> S2 = tan -1 ju s = tan -1 (0.6) = 30.964° 

FBD Plate CD: 

t lF y = 0: V-90kN = 0, F = 90 kN 

Impending slip: F = jU Si N = 0.3(90 kN) = 27 kN 

—~T.F X = 0: F-Q = 0, Q = F = 27 kN 

FBD Top wedge assuming impending slip between wedges: 

| IF V = 0: R w cos26.699° - 90 kN = 0, R w = 100.74 kN 

— I.F X = 0: P - 27 kN - (100.74 kN)sin26.699° = 0 
P = 72.265 kN, (a) P = 72.3 kN -* ◄ 

0 b ) Q = 27.0 kN -— ◄ 

To check above assumption; note that bottom wedge is a two-force member so the reaction of the floor on that 
wedge is R H , at 26.699° from the vertical. This is less than </> = 30.964°, so the bottom wedge doesn’t slip 

on the concrete. 
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Chapter 8, Solution 51. 
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Chapter 8, Solution 52. 
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Chapter 8, Solution 53. 
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Chapter 8, Solution 54. 
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Chapter 8, Solution 55. 
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Chapter 8, Solution 56. 



Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr., 
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell 
© 2007 The McGraw-Hill Companies. 




COSMOS: Complete Online Solutions Manual Organization System 


Chapter 8, Solution 57. 


FBD tip of screwdriver: 

P - | 3 S'A/ 

<t> s = tan -1 ju s = tan -1 (0.12) = 6.8428° 

r' \ 

/ ** 

by symmetry R { = R 2 

| Y,F y = 0: 2R X sin (6.8428° + 8°) - 3.5 N = 0 



R l= R 2 = 6.8315 N 

' V 

If d is removea quicKiy, tne vertical components of R\ and R 2 vanish, leaving the horizontal components 

This is only instantaneous, since 

H l = H 2 = (6.8315 N)cosl4.8428° 

= 6.6035 N 

Side forces = 6.60 N A 

8° > </> s , so the screwdriver will be forced out. 
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Chapter 8, Solution 58. 


*3° \ - 7 !(o. 7° 



As the plates are moved, the angle 9 will decrease. 

( a ) (j) s - tan ~ l ju s = tan -1 0.2 = 11.31°. As 0 decreases, the minimum angle at the contact approaches 

12.5° > (j) s = 11.31°, so the wedge will slide up and out from the slot. A 

(b) (j) s = tan -1 ju s = tan -1 0.3 = 16.70°. As 9 decreases, the angle at one contact reaches 16.7°. (At this 

time the angle at the other contact is 25° - 16.7° = 8.3° < The wedge binds in the slot. 4 


Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr., 
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell 
© 2007 The McGraw-Hill Companies. 




COSMOS: Complete Online Solutions Manual Organization System 


Chapter 8, Solution 59. 


FBD Wedge: 

T &£> 

(j) s = tan 1 ju s = tan = 19.2900° 

P 

3° 

7 - 

by symmetry R x = R 2 

\ T.F y = 0: 2R X sin 22.29° - 60 lb = 0 



r 2 = 79.094 lb 

* 

*• 


When P is removed, the vertical component of R\ and R 2 will vanish, leaving the horizontal components 



H x = H 2 = (79.094 lb)cos22.29° 



= 73.184 lb 



Final forces H l = H 2 = 73.2 lb -4 

Since these are at 3°(< from the normal, the wedge is self-locking and will remain in place. 
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Chapter 8, Solution 60. 
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Chapter 8, Solution 61. 
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Chapter 8, Solution 62. 


FBD plank + wedge: 


I M a = 0: (8 ft)iVg - (1.5 ft)(48 lb/ft)(3 ft) 



f jf* >l>-rft - ' 


(2 ft)—(48 lb/ft)(3 ft) 


( ^ Hi 

3 + - ft -(96 lb/ft)(5 ft) = 0 
3 J J 2 

N b = 185 lb 


t ZF, = 0: 


N w + 



+ i(96 lb/ft)(5 ft) = 0 
N w = 271 lb 

Since N w > N B , and all ju s are equal, assume slip impends at B and between wedge and floor, and not at A. 
Then F w = /ui s N w = 0.45(271 lb) = 121.95 lb 
F b = /u s N B = 0.45(185 lb) = 83.25 lb 
—*■ 'LF X = 0: P -121.95 lb -83.25 lb = 0, P = 205.20 lb 
Check Wedge for assumption 




271 lb - R a cos 0 = 0 


A 


YF X = 0: 205.2 lb - 121.95 lb - R A sin0 = 0 


72/ /b so tan ^ _ 8325 _ 0^072 < ju s + tan9* 


271 


so no slip here 


(a) 


P = 205 1b—◄ 


(b) impending slip at B A 
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Chapter 8, Solution 63. 


FBD plank + wedge: 




-jp-f-- .rt-1 ^ 

ibfft 


ki 






tJw 


Y.M a = 0: (8 ft )N b - (1.5 ft)(48 lb/ft)(3 ft) 

-(2 ft)i(48 lb/ft)(3 ft) 


3 + — |ft 
V 3 


| SF = 0: N a + 185 lb 


(96 lb/ft)(5 ft) = 0 


N w = 185 lb 


48 + 96, 


lb/ft (3 ft) 


--(96 lb/ft)(5 ft) = 0 

N a = 271 lb 

Since N A > N w , and all ju s are equal, assume impending slip at top and bottom of wedge and not at A. Then 
F w = Ms N w = 0.45(185 N) 


F w = 83.25 lb 


FBD Wedge: 


t^rrA^ZZK- 


<f> s = tan “V, = tan -1 (0.45) = 24.228° 

| XF y = 0: 185 lb - R B cos(24.228° + 9°) = 0 


* °2r5.2ir tt> 


!XF It 


R b = 221.161b 


YF X = 0: (221.16 lb)sin33.228° + 83.25 lb - P = 0 

P = 204.44 lb 


Check assumption using plank/wedge FBD 

—*■ Y.F X = 0: f a + F w -P = 0, F A = 204.44 lb - 83.25 lb = 121.19 lb 


G max = M s N a = 0.45(271 lb) = 121.95 lb 


F A < Cl max, OK 

(a) P = 204 lb —> ◄ 

(b) no impending slip at A 4 
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Chapter 8, Solution 64. 
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Chapter 8, Solution 65. 


W A = (10 kg)(9.81 m/s 2 ) = 98.1 N, W B = (50 kg)( 9 . 8 1 m/s 2 ) = 490.5 N 

Slip impends at all surfaces simultaneously 

BD I: A + B 



FBD II: B 


/ 



— = 0: N A - F B - 0, N a = F b = Ms N B (1) 

| I F y = 0: F a - (150 N + 98.1 N + 490.5 N) + N B = 0 

Ms N a +N b = 738.6 N (2) 


Solving (1) and (2) N B = 
\ I F, = 0: N ab + 

N ab = 

/ I F y = 0: -F ab - 
Fab = ' 


738.6 N 


Fb = 


738.6 fi s 


N 


1 + Ms 1 + Ms 

(490.5 N)cos 70° - N B cos 70° - F s sin70° = 0 


738.6 N (cog 70 ° + ^ sin70 °) _ ( 490.5 N)cos70° (1) 
- (490.5 N)sin 70° + /V g sin70° - F s cos70° = 0 


738.6 N 
1 + 


(sin 70° 


- /a s cos 70°) - (490.5 N)sin 70° = 0 


Setting F ab = jU s N ab , 

- 6.8847// 2 - 2.0116//, + 1.38970 = 0 

Solving numerically, ju s = -0.586, 0.332, 7.14 

Physically meaningful solution: - 0.332 ^ 
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Chapter 8, Solution 66. 

FBD jack handle: 



See Section 8.6 

( I M c = 0: aP - rQ = 0 or P = -Q 

a 

FBD block on incline: 

(a) Raising load 



Q = mm(0 + (j> s ) 


P = — Wtan(0 + fa) ◄ 


continued 
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PROBLEM 8.66 CONTINUED 


Lowering load if screw is self-locking (i.e.: if <j> s >6) 





Q = Wtan(j s - 9) 


P = -Wtan(j s - 6) ◄ 

Holding load is screw is not self-locking (i.e: if (f> s < 0) 



& - 4 >< 


Q = Wtan(0 - <f> s ) 


P = -man(0-<f> s ) ◄ 
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Chapter 8, Solution 67. 
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Chapter 8, Solution 68. 


FBD large gear: 



7 


Q IM C = 0: (12 in.)IF - 7.2 kip-in. = 0 

W = 0.600 kips = 600 lb 


Block on incline: 

U/ - -L&o 


6 = tan 


_! 0.375 in. 


= 2.2785° 





w 


In (1.5 in.) 

(j) s = tan _1 // 5 = tan -1 0.12 = 6.8428° 
2 = lFtan(^ -0) 

= (600 lb)tan4.5643° = 47.898 lb 


FBD worm gear: 


i n 

Jl*' 




«-- '/zgts/4 




r = 1.5 in. 

Q I M b =0: M - (1.5 in.)(47.898 lb) = 0 


M = 71.8 lb-in. ◄ 
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Chapter 8, Solution 69. 
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Chapter 8, Solution 70. 
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PROBLEM 8.70 CONTINUED 


w &t<f. - /3.%fe6 


S.S7Sh w \ 


Q = (8.578 kN)tan (13.3826°) 


= 2.0408 kN 


Couple at ^4: 


M a = rQ 


= — mm (2.0408 kN) 

12 / 


= 7.653 N-m 


By symmetry: Couple at C: 


M c = 7.653 N-m 


Total couple M = 2(7.653 N-m) 


M = 15.31 N-m ◄ 
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Chapter 8, Solution 71. 


FBD joint/): 


By symmetry: 


FBD joints: 


By symmetry: 




-A o 



c & 


Fad ~ F cd 


| T.F y = 0: 2 F ad sin25° - 4 kN = 0 


F AD =F cd = 4.7324 kN 



kAJ 


AD 


XF x = 0: F ac - 2(4.7324 kN)cos25° = 0 


AC 


5.5780 kN 


Block and incline at ,4: 
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Chapter 8, Solution 72. 
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Chapter 8, Solution 73. 
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Chapter 8, Solution 74. 
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Chapter 8, Solution 75. 


FBD Bucket: 




Vf = rsin</) s = r sin (tan 1 

= (0.18 m) sin (tan -1 0.30 j = 0.05172 m 

C 1M A = 0: (1.6 m + 0.05172 m )T - (0.05172 m)W = 0 

T = 0.031314IF 


= 0.031314(50 Mg) 


f 

9.81 

v 


kN ^ 

Mg, 


= 15.360 kN 


T = 15.36 kN ◄ 


NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 //) = // is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of jU, there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
ju s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 76. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ ji is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of jd , there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 77. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ jU is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of jd , there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 78. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ ji is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of ji , there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
ju s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 79. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ ji is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of //, there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 80. 


(a) FBD lever (Impending CW 
rotation): 




<3 




£ = 130 N 
.1 z*n 






t 2wi 


-75TAJ 

( b ) FBD lever (Impending CCW 
rotation): 



(j:M c =0: (0.2m + ?y)(75N)-(0.12m-?y)(l30N) = 0 


Vf = 0.0029268 m = 2.9268 mm 


si n 0s 


_ r f 


Ms = tan <p s = tan 


f r ^ 

sin -1 — 


V 's J 

= 0.34389 


tan 


f . 2.9268 mm ^ 

sm 


18 mm 


Ms = 0.344 ◄ 


(j:M d = 0: (0.20 m - 0.0029268 m)(75 N) 

- (0.12 m + 0.0029268 m)P = 0 


P = 120.2 N ◄ 


NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 /./j = // is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of //, there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 81. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ ji is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of //, there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 82. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin j^tan -1 ~ jU is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of //, there is 
little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, ju s = 0.50, 
and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 83. 


FBD link AB: 



Note: That AB is a two-force member. For impending motion, the pin 
forces are tangent to the friction circles. 

6 = sin -1 ——— 

25 in. 


where 


Then 


* 

r f = r p sin (j) s = r p sin (tan -1 ju s ) 

= (1.5 in.)sin(tan -1 0.2) = 0.29417 in. 


0 = sin" 1 °- 29417in - = 1.3485° 
12.5 in. 


(b) 0 = 1.349° ◄ 

invert = R cos 0 R hom = R sin 6 
R ho riz = R ven tan 6 = (50 kips) tan 1.3485° = 1.177 kips 

(a) ^horiz = 1-177 kips ◄ 


NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 /j'j ~ jU is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of ju, there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
ju s = 0.50, and the error made by using the approximation is about 11.8%. 


Vector Mechanics for Engineers: Statics and Dynamics , 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr., 
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell 
© 2007 The McGraw-Hill Companies. 






COSMOS: Complete Online Solutions Manual Organization System 

Chapter 8, Solution 84. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 //) ~ // is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of ji , there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 85. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of ji, there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 86. 


FBD gate: 


( v £M C = 0: 



W 2 = 24kg(9.81m/s 2 ) = 235.44 N 

* 

r f = r s s in <P S = r v sin (tan -1 // v ) 

= (0.012 m)sin(tan -1 0.2 j = 0.0023534 m 

(0.6 m + r f )w l + (0.15 m + r f )P - (l.8 m - r f )w 2 =0 

(1.79765 m)(235.44 N) - (0.60235 m)(647.46 N) 
0.15235 m 

= 218.19 N 


P = 218N ◄ 


NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 //j = // is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of ji , there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 87. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ jU is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of ji , there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
JU S = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 88. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ ji is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of ji , there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 89. 



NOTE FOR PROBLEMS 8.75-8.89 

Note to instructors: In this manual, the simplification sin (tan -1 ~ jU is NOT used in the solution of journal 
bearing and axle friction problems. While this approximation may be valid for very small values of jd , there 
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, 
jU s = 0.50, and the error made by using the approximation is about 11.8%. 
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Chapter 8, Solution 90. 
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Chapter 8, Solution 91. 

Eqn. 8.8 gives 

2 V - f 1 D\ - Z), 3 

M = ^ P r\-rC~^ s D\-Dl 

so 

M = 1 (0.15)(80 kg)(9.81 m/s 2 ) ( 0 03 ° m ) -(°- 024m ) 

3 V A (0.030 m) 2 - (0.024 m) 2 


M = 1.596 N-m ◄ 
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Chapter 8, Solution 92 
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Chapter 8, Solution 93. 
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Chapter 8, Solution 94. 



Let normal force on A A be AN, and-= k, 

AA 


AN = kAA AA = rAsA</> As = - 

sin# 


where (j) is the azimuthal angle around the symmetry axis of rotation 


Total vertical force 


AF = AN sin# = krArAcj) 


P = lim SAP, 


P = krdr^dc/) = 2 7rk^ 2 rdr 


P = TrklRZ - Rf) or k = 


f R 2~ R l) 


Friction force 


AF = /jAN = jukAA 


Moment 


AM = rAF = rjukr - A(j) 

sin# 


Total couple M = lim SAM = | [f 2 — r 2 dr\d(b 

F AA—>o Jo l J *i sin# J Y 


M = 2 7r-^\l 2 r 2 d r = --EE - —f —-J/jf - fl 3 3 ) 

sin<93 sin# - i? 3 2 p ' 


3 sin (9 7?2 - 
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Chapter 8, Solution 95. 




If normal force per unit area (pressure) of the center is P Q , then as a function 


of r, P = P 0 1 - 


2 F n =W = \PdA = \f\*P 0 1 - - rdrdO 

V A / 


■ Ik( R 2 R 3 


W = P n r - dO = 2xP n - 

Jo 2 3fl 


so P Q =- j 

ttR 2 


For slipping, dF = j-i k { PdA) 


Moment = \rdF = ju k P Q ^ ^ J Q r 1- rdrdd 

[ R J 


• 2*f R 3 R 4 





- 


,, „ 3W R 5 1 TT , n 

so M = 2^/Zl- T — = — Lit WR 

ttR 2 12 2 * 

'vIM o =0: (8in.)0-M = O 

i ( o.6)(io,ib)rif 


Q = 1.326 lb ◄ 
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Chapter 8, Solution 96. 
FBD pipe: 


- <5 ZiT Hr 7 



e = sln -. <>-^ in.+ 0.0625 in. = , m25r 
5 in. 


P = Wt&nO for each pipe, so also for total 


P = (2000 lb) tan (1.00257° 


P = 35.0 lb ◄ 
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Chapter 8, Solution 97. 


FBD disk: 



b = r tan# = (60mm)(0.02) 


b - 1.200 mm A 


Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr., 
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell 
© 2007 The McGraw-Hill Companies. 




COSMOS: Complete Online Solutions Manual Organization System 


Chapter 8, Solution 98. 
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Chapter 8, Solution 99. 


FBD wheel: 



r f = Vie Sln <P = Vie Sln tan M , Ms or LL k 


r f b 


P r = —--1- 


sin # tan # 


For small #, sin# □ tan#, so tan#] 


= 0: /?cos#-= 0 

y 4 


X/ 7 = 0: -/?sin# H-= 0 

x 4 


r f + b 


Solving: tan# = — 
W 


so P = W tan 6 — W- 


(a) For impending slip, use fi s , ry = ^ m * sin (tan l 0.l2^ = 0.029786 in. 


so P = (500 ft) in.+ 0.25 in. = „ % lb 

' ' 2.5 in. 


(b) For constant speed, use fi k , iy = ^ n ~ sin (tan 1 0.08) = 0.019936 in. 


, „ , 0.019936 + 0.25) in. 

so P = 500 lb)-- - — = 53.99 lb 

v ’ 2.5 in. 


P = 56.0 lb ◄ 


P = 54.0 lb ◄ 
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Chapter 8, Solution 100. 


FBD wheel: 



tan # = slope 


For equilibrium (constant speed), R and — are equal and opposite 
and tangent to the friction circle as shown 

r f ~ T axle sin(tan -1 /4) - (12.5 mm) sin (tan -1 0.12) 

Vf = 1.48932 mm 


r f b 

From diagram, r w = — -h 


sin # tan # 


For small 6 , sin# B tan#, so r □ 


7 + b _ 

tan# 


1.48932 mm + 1.75 mm , _ 

r w = -= 107.977 mm 

w 0.03 


d w = 216 mm A 
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Chapter 8, Solution 101. 


Two full turns of rope —> 


P = 4/r rad 


(a) 


MsP = ln: 


or 


Ms = 


P 


In— 


1 , 20 000 N 

— In- 

\n 320 N 


0.329066 


Ms = 0-329 ◄ 


0 b ) P = — In— 

Ms T x 


1 80 000 N 

0.329066 n 320 N 


= 16.799 rad 


/? = 2.67 turns A 
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Chapter 8, Solution 102. 


FBD A: 


W A = (10 kg)(9.81 m/s 2 ) = 98.1 N 


^ 30 ° \W/9 

FBD B: 


t:a 


r J rpj 


From hint, /? is not dependent 
on shape of support 


/ EF = 0: T a - W A sin30° = 0, T A = —— 


\ £/y = 0: W B sin30° - T B = 0, T B = -f 


(i a ) Motion of B impends up incline and m B = 8 kg 


Ll = e v„P 


1 . T a 1 . w a 

a, = —In— = —ln ^ 1 

P T, fi W„ 

= li„iL = 1J 
P m B n 8 kg , 


JU S = 0.21309 


( b ) For maximum m B , motion of F impend down incline 


A = 0.213 ◄ 


Lb = 


T b = T A e 3 = 1.2507^ 


.-. ^ = \ .25W a and = 1.25 m* = 1.25(10 kg) 


= 12 ' 50 k § < 
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Chapter 8, Solution 103. 


FBD A: 


221 \ 


FBD B: 


EF = 0: T a - W A sin30° = 0, 71 = —— 


i ^ n 




\ £/y = 0: if, sin30° -T B = 0, 


For m 5min , motion of B impends up incline 



0> ~ * s ^ G AO 


T A 0.50- 

And — = e 3 = 1.68809 


But = — = 1.68809 

m B W B T b 


From hint, /? is not dependent 
on shape of C 


S0 m B min = 5 « 9238 k g 


For m Bmax , motion ofF impends down incline 


so 0lB_ = ^B_ = 1 b_ = e Vs/3 = /- 50 3 = 1.68809 

^ T a 


so »%max = 16 - 881 k § 


For equilibrium 


5.92 kg <m B < 16.88 kg 4 
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Chapter 8, Solution 104. 

p 

D 

CD 

VJ-(J20 haffi.Sl ) 



- // 77- Z // 

[5 - 1.5 turns = 3 n rad 


For impending motion of W up 

p = We^ p = (1177.2 N)e (0 ' 15)3;r 



= 4839.7 N 


For impending motion of W down 

p = We~ MsP = (1177.2 N)e“ (ai5)3;r 



= 286.3 N 


For equilibrium 


286 N < P < 4.84 kN ◄ 
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Chapter 8, Solution 105. 
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Chapter 8, Solution 106. 
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Chapter 8, Solution 107. 


FBD motor and mount: 


17 £- 11 ° 



* - ytm —»(£ 

FBD drum at B: 

5'<T ftTS fb 



/?&>.?4.3 fb I (b_ y 

r - 3 in. 


Impending belt slip: cw rotation 

r 2 = T x e^ P = = 3.51367^ 

C SMq = 0: (12 in.)(l75 lb) - (7 in )T 2 - (13 in.)7] = 0 

2100 lb = [(7 in.)(3.5136) + 13 in.]7] 

7j = 55.858 lb, T 2 = 3.51367] = 196.263 lb 


] 1LM b =0: M b - (3 in.)(l96.263 lb - 55.858 lb) = 0 

M b = 421 lb-in. 4 

(Compare to 857 lb-in. using F-belt, Problem 8.130) 
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Chapter 8, Solution 108. 
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Chapter 8, Solution 109. 


FBD lower portion of belt: 

7^ £ 








\ HF y = 0: 48 N - N D = 0, N D = 48 N 

Z~% Slip on both platen and wood 

F d = ju kD N D = 0.10(48 N) = 4.8 N 

Fe - MkE^E - (48 N )/d kE 


FBD Drum A (assume free to rotate) — ^ XF x =0: T A - T B - 4.8 N - jU kE (48 N) = 0 

- T b = T a + 4.8N + // it£ (48N) 

C ZM a = 0: r A [T a - T t ) = 0, T t = T a 


-4 






FBD Drive drum B 

7? 


4 6 / 


\ ^ M 








X \ / ^ — 0: 1 / + /' ( / y — 7^ j — 0 

2.4 N m 


T B -T t +■ 


74 + 96 N 


74 q ~ 2. ,4/ aJ • rsi 
r~ ~ o.ozs’i*’ 


0.025 N 

Impending slip on drum, T B = T r e“'^ = T t e 035ir 
so + 96 N = T T e 035 *, T t = 47.932 N 


T b = 143.932 N 


( 1 ) 

( 2 ) 


From (2) above, T A = T t , so 

From (1) above, 143.932 N = 47.932 N + 4.8 N + jU kE (48 N) 

So (b) 


(a) 


1 min lower 


= 47.9 N ◄ 


jU kE = 1.900 ◄ 
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Chapter 8, Solution 111. 


FBD Flywheel: 



Slip of belt: T B = T A e lkP = T A e 020 * 

Also, since the belt doesn’t change length, the increase in stretch of 
spring B equals the decrease in stretch of spring A. Therefore the 
increase in T B equals the decrease in T A , and the sum is unchanged, 
so T a + T b = 80 N + 80 N = 160 N 

T a (l + e 020 f = 160 N, so T a = 55.663 N 

T b = 104.337 N (a) T A = 55.7 N ◄ 

T b = 104.3 N ◄ 

v EM C = 0: (0.225 m)(T B - T A ) - M c = 0 

M c = (0.225 m)(l04.337 N - 55.663 N) 

(b) M c = 10.95 N-m ◄ 
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Chapter 8, Solution 112. 


FBD Lever: 



ZHO A/ 


C = 0: (60 mm)(240 N) - (40 mm)F 5£ >cos30° = 0 

F bd = 415.69 N 


FBD Drum: 



Belt slip: 


- a* 

(2= zio'r 30°* 20° 

* 3*0° - S'.SfS'f raj 


r 2 = T x e MkP 
(415.69 N) e °' 25 ( 5 ' 5851 ) 
= 1679.44 N 


C SM C =0: r(T 2 - 7j) - M = 0 


(0.08 m) (1679.44 N - 415.69 N) - M = 0 


M = 101.1 Nm ◄ 
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Chapter 8, Solution 113. 


FBD Drum: 



FBD Lever: 


By 

& 1 * - is-tn— 


(a) With M e = 125 lb-ft ) 

K IM E = 0: (7 in.)(7^ — r c ) - (125 lb• ft) = 0 


T a - T c = 214.29 lb 


Belt slip: T A = T c e Mk,j = T c e M[ = 3.0028 T c 


so 2.00287 C = 214.9 lb, 


T c = 106.995 lb 


T a = 321.28 1b 


C XMg = 0: (15 in.)P + (2 in.)7^. - (7.5 in )T a = 0 

_ (7.5 in.)(321.28 lb) - (2 in.)(l06.995 lb) 


P = 129.2 lb ◄ 


( b ) With M e = 125 lb-ft ), the drum analysis will be reversed, and will yield T t = 106.995 lb, 


T c = 321.28 1b 


Eqn. (1) will remain the same, so 


(7.5 in.)(l06.995 lb) - (2 in.)(321.28 lb) 


P = 9.41 lb ◄ 
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(b) For motion of A to impend up/right 

FBD A: 


tj, As in part (a) N A = W A cos30°, F A = 0.30 W A cos30° 

/ = 0: T a — W A (sin30° + 0.30cos30°) = 0 

T a = 44.722 N 

Also, as in part (a) T A = T c e^ = 1.190697%, so T c = ^ 

A L L L 1.19069 

T c = 37.560 N 



FBD C: 

As in part (a) F c = 0.30fV c cos 20° 

\ IF X , = 0: !F c (sin20° - 0.30cos20°) - 37.560 N = 0 

W r = 624.83 N, m r = — r = 63.69 kg 
C C 9.81 m/s 2 

m c = 63.7 kg 4 

(< c ) For uniform motion of A up and B down, and minimum m c , there will be impending slip of the rope on 
the drum. 

FBD A is same as in ( b ) but F A = Ju k N A = 0.20 W A cos30° 
and / IF X = 0: T A - W A (sin30° + 0.20cos30°) = 0, T A = 39.625 N 
Drum analysis, with impending slip, T A = T c 

39.625 N = T c e °- 30 ( 0 - 87266 ) = i .29926 T c 
or T c = 30.498 N 

FBD C is same as in (b\ but F c = Fk^c = 0.20 W c cos 20° 



and \ X/y = 0: W c (sin 20° - 0.20cos20°) -T c = 0 


30.498 N 
0.154082 


197.933 N, 


197.934 N 
9.81 m/s 2 


m c = 20.2 kg A 
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Chapter 8, Solution 117. 


Geometry and force rotation: 



Let □ EBC = a = cos -1 50 mm = 60° =□ s DBE, FAE, GAE 
100 mm 

Ajr 

Then contact angles are fi B = 360° - 120° = 240° = —rad f° r 

K 

upper cylinder, and (3 A = 30° = —rad for each cord 

6 

contact on lower cylinder. 

Let the force in section FC = T F 
Let the force in section DG = T G 
With A fixed and the cord moving, 

r G = We Uk/ * A = We °' 25 ^ = 1.13985 If 
For maximum W, slip impends on drum B , so 
T b = T F e^ pB or 7> = T G e~ MspB 

_0.30 

T F = 1.13985^ 1 3 ’ = 0.32441 

For slip at F 

Wj = T F e MkPA = 0.32441 We°' 25 ^ = 0.36978 W 
so W = 2.7043 W x and m = 2.7043 in. 

= 2.7043(75 kg) 

m = 


cord on 


203 kg ◄ 
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Chapter 8, Solution 118. 


Geometry and force notation: 




1* ib 


Note: 6 = sin 1 — = 30° = —rad, 
2 r 6 

n TC TC 2 TC „ 

Pc = Pd = ~ + ~ = ~r-> Pe = ' 

2 6 3 


(a) For all pulleys locked, slip impends at all contacts 

If W A impends downward, T } = (16 \b)e f,Jk , T 2 = T^ ,Jh \ W A = T 2 e^ Pc 

so W A = (16 lb y'siPc+Po+PE) = ( 16 ib) e °' 20 (^) = 69.315 lb 

—0 201 

If W A impends upward all ratios are inverted, so W A - (16 lb)c ' 3 ’ 

= 3.6933 lb 


For equilibrium, 

( b ) If pulley D is free to rotate, 7] = T 2 while the other ratios remain as in (a) 

For W A impending down W A = (16 lb)e Ms ^ c+ ^ = lb)e°’ 2 °^ 3 ^ 

W A = 45.594 lb 

_q 2 ( 5^1 

For W A impending upward, W A = (16 lb)c ' ' 3 ' = 5.6147 lb 

For equilibrium 
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so contact angles are: 


3.69 lb < W A < 69.3 lb ◄ 


5.61 lb < W A < 45.6 lb ◄ 
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Chapter 8, Solution 120. 


Geometry and force notation: 



6 — sin 1 - m ‘ = 30° = —rad, so contact angles are: 
10 in. 6 

TC 5tC TC TC 2/T TC 

& = = a= 2 + ? = T’ 

(a) All pulleys locked with impending slip at all. 

If W A impends upward, T x - W A e Ms ^ c , 

T 2 = T x e^ D , (16 lb) = T 2 e MspE , so 


W A = (16 lb)e 


-Ms(Pc + Pd+Pe) _ °- 20 (6 + 6 + 6 


W A = 4.5538 lb 


If W A impends downward all ratios are inverted 
so W A = (16 lb)e +0 - 20(2;r) = 56.217 lb 
For equilibrium, 

(b) Pulley D is free to rotate so 7] = T 2 , other ratios are the same 


4.55 lb < W 


If W A impends upward, W A = (16 lb)e 


,~^s(Pc + Pe) _ 


= (16 lb)e 


-0.20(4f) 


W A = 6.9229 lb 


+ 0 . 20 (^) 


If W A impends downward, ratios are inverted, W A = (16 lb)e 

W a =3 
For equilibrium 


W A = 36.979 lb 


6.92 lb < ft 
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r A < 56.2 lb ◄ 


7 , < 37.0 lb ◄ 
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Chapter 8, Solution 121. 


Geometry and force notation: 



6 = sin 1 - — = 30° = —rad, so contact angles are: 
10 in. 6 

TC 57T n TC TC 2 TC ^ TC 

= = 1 + 6 = T’ 

(a) D and E fixed, so slip at these surfaces, 

For maximum W A , slip impends on C. 

W A = T x e^ Pc , T 2 = T x e MkPD , 16 lb = T 2 e MkpE 

so W A = (16 \b)e~ Mk ^ D+/} ^ e MsPc 




15.5866 lb 


(b) C and D fixed, so slip at these surfaces—impending slip on E 
7j = W A e MkPc , T 2 = T x e MkPD , T 2 = (16 \b)e Ms P E 


so W A = (16 lb)e c^Pe = ( 16 ib) e 


-°- 15 (¥)/ 20 (f) 


W A = 10.8037 lb. 


W. 


A max 


w. 


A max 
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15.59 lb ◄ 


10.80 lb ◄ 
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Chapter 8, Solution 124. 
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Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr., 
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell 
© 2007 The McGraw-Hill Companies. 





















COSMOS: Complete Online Solutions Manual Organization System 


Chapter 8, Solution 127. 


FBD wrench 



(0.20 m) 

Note: EC = - - EA = EC - 0.03 m 


sin 75° 


6 = 75° 

so p = 285° = 4.9742 rad 
0.20 m 


.sin 75° 

T = 7.5056F 

IF=0: AT sin 75°+ F cos 75°-T = 0 


-cos75° - 0.03 m T = 0 


Impending slip: N = —, so F = 
M s 


sin 75° 
Ms 


cos 75° 


= T = 7.5056F 


sin 75° 
Ms 


+ cos 75° = 7.5056 


= 0.1333 


Must still check impending slip of belt on pipe 

FBD small portion of belt at A 

t 





/ EF n =0: JVj - N 2 = 0 

Impending slip F 1 = F 2 = /j s N 2 

so F l = F 2 = F 

\ I F t =0: 2 F -T a = 0, T A = 2F 

Impending slip of belt on pipe T = T A e^ s/3 


1 T 

or u, = —In— = 

IF 4.9742 2 

This controls, so for self locking, 


1 -ln™^ = 0.2659 


Ms 
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0.267 ◄ 
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Chapter 8, Solution 128. 


Fuff 


A© it 


|SF„=0: AN - [T + (T + A7)]sin-= 0 


A o 

AN = (2T + Ar)sin — 


liF t = 0: [(7 + A7)-7]cos^-- AF = 0 



Tf-^r 


Impending slipping: 


AF = AT cos- 


AF = jU s AN 


ArT7 Ad __ . Ad . smA d 

AT cos = a AT sm-b uAT - 

2 2 2 


In limit as Ad —> 0: dT = ]U s Tdd , or 


= M s dO 




ln-f = M s fi 


or T 2 = T } e‘ 


Note: Nothing above depends on the shape of the surface, except it is 
assumed to be a smooth curve. 
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Chapter 8, Solution 129. 


Small belt section: 


Impending slipping: 


In limit as Ad —» 0: 


So 


or 


or 


Side view: 


End view: 




t ZF, = 0: 


2—sin- - [r + (T + 4r)]sin— = 0 


A/9 

ZF X = 0: [(r +Ar)-r]cos- AF = 0 


A e IT + AT . Ad 

AF = u A N => A^cos-= //-sin- 

5 2 . a 2 


sin — 
2 


dT 


ju s TdO 


sin- 


a 


or 


dT_ 

T 


sin- 


a 


-dO 


\ T T 2 — = 

J T \ j . a J 0 


sin — 
2 


InA ^ 


T, 


. a 
sin — 
2 


T 2 = T x e 


UsP! sinf ^ 
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Chapter 8, Solution 131. 

Geometry: 



6 = sin -1 ME. = 7.1808° = 0.12533 rad 


FBD A: 


p A = n - 26 = 2.8909 rad 

Since /3 B > (3 A , impending slip on A will control the 
maximum couple transmitted 


C ZM a = 0: 601b in. + (2in.)(r 1 - T 2 ) = 0 


9J M/S * S' lb- ft r bo lb- 1*1 


2 


T 2 -T x = 30 lb 


Impending slip: T 2 = T x e 2 

r (0.35)(2.8909) ^ 

so P e sinl8 ° - 1 = 30 lb 


FBD B: 


71 = 1.17995 lb 


T 2 = 31.1801b 




ZF X = 0: P - (31.180 lb + 1.17995 lb)cos7.1808° = 0 


P = 32.1 lb ◄ 


f'/?99S~lb \ 
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Chapter 8, Solution 132. 
FBD block: 



\IF„ = 0: N - (1000 N)cos30° - (200 N)sin30° = 0 

N = 966.03 N 

Assume equilibrium: 

/ IF, =0: F + (200N)cos30° - (1000N)sin30° = 0 

F = 326.8 N = F en 

cq. 

But F max = jU s N = (0.3)966 N = 290 N 

F eq > F max impossible Block moves A 

and F = jU k N 

= (0.2) (966.03 N) 

Block slides down F = 193.2 N / A 
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Chapter 8, Solution 133. 


FBD block (impending 
motion to the right) 


\ 

1 

r 

._—J 



i s = tan 1 /j s = tan '(0.25) = 14.036° 


P ~/j?a a! 


, \ < 0 
rv 


P _ w 

sin^ sin(6* -fa) 


5 in(6» - fa) = —smfa W = mg 


(30 kg)(9.81 m/s 2 ) 

m = 30 kg: 9 - d> = sin -1 ----4inl4.036° 

120 N 


= 36.499° 

.-. 9 = 36.499° + 14.036° 


9 = 50.5° ◄ 


m = 40 kg: 6 - fa = sin 


j (40 kg)(9.81 m/s 2 


sin 14.036° 


= 52.474° 

9 = 52.474° + 14.036° 


9 = 66.5° ◄ 
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Chapter 8, Solution 134. 


FBDs 
Top block: 



T 


Bottom block: 


(a) Note: With the cable, motion must impend at both contact surfaces, 
t I F y =0: N x - 40 lb = 0 TV, = 40 lb 

Impending slip: F x = j li x N ] = 0.4(40 lb) = 16 lb 

—~T.F X = 0: T-F x = 0 T- 16 lb = 0 T = 161b 

| ZF y = 0: N 2 - 40 lb - 60 lb = 0 N 2 = 100 lb 


- 4 - 

P 


i n, - ib 


■ th 

i&oib) 








T-iLlb 


FBD blocks: 



Impending slip: F 2 = ju s N 2 = 0.4(100 lb) = 40 lb 

— = 0: -P + 16 lb + 16 lb + 40 lb = 0 

P = 72.0 lb -— 4 

( b ) Without the cable, both blocks will stay together and motion will 
impend only at the floor. 

| 'ZFy = 0: TV - 40 lb - 60 lb = 0 N = 100 lb 

Impending slip: F = ju s N = 0.4(100 lb) = 40 lb 

— ZF X = 0: 40 lb - P = 0 


p = 40.0 lb -— -4 
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Chapter 8, Solution 135. 


FBD ladder: 



a _ 5 

7 ” 13 

b_ 12 
l ~ 13 


Motion impends at both A and B, so 

f a = M s n a and 


f b = Ms N B 

a „ r 7.5 ft, 


( EM, = 0: IN B - —W = 0 or N R = —W = -2 ^W 

v A B 2 ^2/ 39 ft 


or 


Then 


t XFy = 0 - 


n b 


2.5 

13 


W 


f b = Ms N B = /'■ 


Z5fV 

13 




Ar 12.5 w 30 
//, N a +-- T 

(13) (13) 2 


W = 0 


Na~ 


W_ (30-12.5//J 

(13) 2 Ms 


N a -W + — F b + — N„ = 0 
A 13 * 13 s 


30 -12.5//, 


+ 30 /j s + 12.5 


W 


(i3 y 


= ^ 


or 


ju s - 5.6333 ju s +1 = 0 


ju s = 2.8167 + 2.6332 

or // 5 = 0.1835 and // 5 = 5.45 

The larger value is very unlikely unless the surface is treated with 
some “non-skid” material. 

In any event, the smallest value for equilibrium is ju s = 0.1835 A 
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Chapter 8, Solution 137. 


FBD Collar: 



F. Stretch of spring x = AB 


- a = 


- a 


F s =k 


COS# 


cos# 

-flj = (l.5kN/m)(0.5 m) 
1 


1 


COS# 


= (0.75 kN)-1 I = (750 N)(sec# - l) 

y cos # J 

t IF V = 0: F s cos(9 - W + N = 0 


or W = N + (750 N)(l - cos#) 

Impending slip: 

F = ju s \N\ (F must be +, but TV may be positive or negative) 


— YF X = 0: F s sin# - F = 0 

or F = F s sin# = (750 N)(tan# - sin#) 

(a) # = 20°: F = (750 N)(tan20° - sin20°) = 16.4626 N 

T ^ UH F 16.4626 N 

Impending motion: |iv| = — =-= 41.156 N 

Ms °- 4 

(Note: for \n\ <41.156N, motion will occur, equilibrium for 
\n\ > 41.156) 

But W = N + (750N)(l-cos20°) = N + 45.231 N 

So equilibrium for W < 4.07 N and W > 86.4 N -4 
0 b ) 6 = 30°: F = (750 N)(tan 30° - sin30°) = 58.013 N 

Impending motion: |iVj = — = = 145.032 N 

F s °- 4 

W = N + (750 N)(l - cos30°) = N ± 145.03 N 
= -44.55 N(impossible), 245.51 N 

Equilibrium for W > 246 N 4 
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FBD pin C: 



FBD block A: 



F 




FBD block B: 




AB 


P sin 10° = 0.173648P 


F bc = Pcos10° = 0.9848 IP 


or 


or 


SP V = 0: 


W - F ab sin 30° = 0 


N A = W + 0.173648Psin30° = W + 0.086824P 


F a - F ab cos 30° = 0 


F a = 0.173648Pcos30° = 0.150384P 


For impending motion at A: 
Then 


Ms N A 


N a =^-\ W + 0.086824P = °- 150384 P 


or 


Ms 

P = 2AUW 

\ T.F y = 0: N b -W- F bc cos 30° = 0 


0.3 


N b = W + 0.9848 IP cos30° = W + 0.85287P 


= 0: F 5C sin30° - F B = 0 


F b = 0.9848 IPsin 30° = 0.4924P 


For impending motion at B 
Then 


N b = W + 0.85287P 
Ms 


f b = Ms N B 

0.4924P 


0.3 


or P = 1.268W 

Thus, maximum P for equilibrium 


1.268 W< 


Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr., 
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell 
© 2007 The McGraw-Hill Companies. 
















COSMOS: Complete Online Solutions Manual Organization System 


Chapter 8, Solution 139. 
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Chapter 8, Solution 140. 


Block on incline: 


W \i> 



o.t //} =. i 


6 = tan -1 — = 3.0368° 


2;r(0.3 in.) 


fi s = tan = tan ! 0.12 = 6.8428° 


Couple on each side 


- \ Si,* lb 

Q = (500 lb)tan9.8796° = 87.08 lb 
M = rQ = (0.3 in.) (87.08 lb) = 26.12 lb-in. 


Couple to turn = 2 M = 52.2 lb-in. 4 
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Chapter 8, Solution 141. 


FBD pulley: 







— Wif I njjSjl 


?r/^ 


t 

C = 0: 


i? - 103.005 N - 49.05 N - 98.1 N = 0 
R = 250.155 N 

(0.12 m)(l03.005 N - 98.1 N) - ?y (250.155 N) = 0 
Vf = 0.0023529 m = 2.3529 mm 

-i r f 

(j) s = sin — 


jU s = tan^ 5 = tan 


sin 


-i r f 


= tan 


s y 


f . _i 2.3529 mm^ 

sin - 

30 mm 


ju s = 0.0787 ◄ 
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Chapter 8, Solution 142. 
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Chapter 8, Solution 143. 
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